INTRODUCTION
Epidermal growth factor (EGF) is a 53-amino acid polypeptide which is mitogenic for various cell types in itro and in i o [1, 2] . It was first purified from male mouse submaxillary gland (SMG) [3] , and its expression patterns have been studied in most detail in mice. The gene is expressed at high levels at two major sites, the SMG and the kidney, as well as at low levels in many other tissues including the mammary gland, pancreas, uterus and prostate [4] . In the SMG, but not in the kidney, expression of the gene is regulated by steroids. Androgen administration to female mice increases the level of EGF mRNA [5] and protein [6] , whereas castration of males results in a rapid reduction of EGF mRNA [7] and protein [6] . In contrast, oestrogens appear to have an inhibitory effect on expression of the EGF gene, as levels of EGF mRNA [7] and protein [8] increase slowly after ovariectomy. The net result of these effects is that EGF levels are 10-100-fold higher in the SMGs of male mice than the SMGs of female mice [6] .
Despite this detailed information on the tissue-specific and hormonal control of EGF gene expression, little is known about the elements of the gene controlling these patterns of expression. We have begun to address this question using a transgenic mouse model. We have previously demonstrated that 5n5 kb of the 5h-flanking region of the mouse EGF gene is sufficient to direct reporter gene expression to the EGF-producing granular convoluted tubule (GCT) cells of the SMG [9] . This indicates that the DNA elements required for SMG-specific expression are located within this 5n5 kb fragment of the EGF gene promoter. In addition, in the mouse line that we derived (termed EGF\Tag), transgene expression was observed in the stomach and prostate gland. By using simian virus 40 (SV40) large T-antigen as the reporter gene, we were able to induce hyperproliferation or, in the case of the prostate gland, tumour development in the Tantigen-expressing tissues [9] .
Several groups have used tissue-specific promoters to drive SV40 T-antigen expression to selected tissues in transgenic mice and have subsequently derived cell lines from the targeted tissues that retain many of the differentiated characteristics of the cells Abbreviations used : CAT, chloramphenicol acetyltransferase ; DMEM, Dulbecco's modified Eagle's medium ; EGF, epidermal growth factor ; EMSA, electrophoretic mobility-shift analysis ; GCT, granular convoluted tubule ; SMG, submaxillary gland ; SV40, simian virus 40.
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functional analysis of the EGF gene promoter. Cells were transfected with EGF promoter\reporter constructs, and an element located between 51 and 35 bases upstream of the EGF mRNA start site required for basal activity of the promoter was identified. Electrophoretic mobility-shift analysis suggests that three proteins bind to this region, one of which is either Sp1 or a closely related protein.
in i o. This approach has been used to derive differentiated cell lines from, for example, pancreatic β-cells [10] , hypothalamic cells [11] and renal proximal tubule cells [12] . A more detailed analysis of the functional elements of the EGF promoter would be facilitated by the availability of cell lines in which the promoter is active. To our knowledge, however, cell lines derived from the EGF-producing cells of the mouse do not exist. We have therefore set out to establish such cell lines from the hyperproliferative\ tumour tissues of our EGF\Tag mice. We report here the derivation of immortalized cell lines from the salivary and prostate glands of these mice and describe their use in transfection studies to identify putative regulatory elements within the EGF gene promoter.
EXPERIMENTAL Derivation of cell lines from the salivary and prostate glands of EGF/Tag mice
A mouse with a palpable prostate tumour was killed and the tumour removed into ice-cold Dulbecco's modified Eagle's medium (DMEM). The tumour was chopped to approx. 2 mm$ pieces using sterile scalpel blades and then incubated in DMEM containing foetal calf serum (5 %, v\v), type-I collagenase (1 mg\ml) and DNase I (10 µg\ml) at 37 mC for 3n5 h with occasional trituration. Cells were sedimented at 400 rev.\min for 10 min and resuspended in DMEM containing foetal calf serum (5 % v\v) and then allowed to attach to plastic tissue-culturegrade Petri dishes (Nunc). The medium was changed after 24 h and then after a further 48 h. Cells were passaged at confluence using trypsin and were subsequently maintained in DMEM containing foetal calf serum (10 %, v\v). SMG was obtained from an 8-month-old transgenic male mouse and the gland was dissected free of other tissue.The gland was chopped to approx. 2 mm$ pieces and incubated in DMEM containing foetal calf serum (5 %, v\v), testosterone (10 −( M), collagenase type II (1 mg\ml) and DNase I (10 µg\ml) for 2 h at 37 mC with occasional trituration. The cells were recovered by centrifugation at 400 rev.\min for 10 min and resuspended in 10 ml of DMEM containing foetal calf serum (5 %, v\v) and testosterone (10 −( M). To enrich for epithelial cells which attach more slowly to the dish than fibroblasts, cells were allowed to attach to a tissue-culture dish for 2 h at 37 mC, and unattached cells were transferred to a fresh dish and left overnight at 37 mC. Unattached cells were then transferred to a fresh dish. Cells that attached to this dish were allowed to grow to confluence and then passaged using trypsin. These cells were routinely maintained in DMEM containing foetal calf serum (10 %, v\v).
Northern-blot analysis of RNA samples
RNA was isolated from mouse salivary glands or various cell lines as described previously [9] . Northern-blot analysis was performed as described [7] except that the RNA was blotted to Hybond-N membrane (Amersham International). Blots were probed using linearized total SV40 DNA or a fragment of mouse EGF cDNA spanning nucleotides 3066-3639 [13] . Probes were radiolabelled by a random-priming method [14] .
Preparation of EGF promoter/chloramphenicol acetyltransferase (CAT) DNA constructs
A previously reported plasmid containing a 2n0 kb HindIII-XhoI fragment spanning the mRNA start site of the mouse EGF gene [15] was used to derive the longest EGF promoter\CAT gene construct. The plasmid was digested with EcoRI, and the 1200 bp fragment liberated was ligated into the EcoRI site of the plasmid Bluescribe M13j. This recombinant was digested with PstI and the insert ligated into the PstI site of plasmid pCAT Basic, to derive plasmid EGF5h [896] CAT. This plasmid contained 896 bp of sequence upstream of the EGF transcriptional start site, together with 180 bases of DNA encoding a part of EGF untranslated mRNA, inserted upstream of the CAT structural gene. To derive smaller constructs, a PCR strategy was used. Upstream oligonucleotides were designed with a 5h-terminal HindIII site and were paired with a fixed downstream oligonucleotide GGCCTGCAGGTGACTGATTTC which spans the PstI site in the 5h-untranslated region of the EGF gene. The oligonucleotides were used to derive fragments by PCR from a plasmid containing the cloned genomic fragment λ6 [15] . The upstream oligonucleotides used were : CCAAGCTTACAAAT-TCCACTATA (491), CCAAGCTTGCAAAGAGGCTTGTCT (96), GCGAAGCTTGAGGTGGAGCCAGAAGAG (51) and GCGAAGCTTTAAAAAGGAGAGCAG (35). The numbers in parentheses indicate the number of bases upstream from the EGF mRNA start site that is amplified using each oligonucleotide. In addition, a further amplification was performed with an upstream oligonucleotide of sequence GCGAAGCTTAAAATAGAGCCAGAAGAG (51M) in which four dG residues from oligonucleotide (51) above were replaced with dA residues. Amplified products were purified from lowmelting-point agarose gels, digested with HindIII and PstI, and ligated into HindIII-PstI-digested pCAT Basic to derive the indicated plasmids. All plasmids therefore contained 180 bases of DNA encoding untranslated EGF mRNA, as well as various numbers of bases upstream of the EGF transcriptional start site. Plasmids were termed EGF5h[n]CAT, where the EGF 5h-flanking sequence begins n bp upstream of the transcription start site. The plasmid derived using the upstream oligonucleotide containing the dG to dA substitutions was termed EGF5h[51M]CAT. To eliminate errors due to PCR artifacts, all cloned inserts were sequenced. All plasmids were transformed into and maintained in Escherichia coli strain DH5, and plasmids were purified using plasmid isolation kits from Qiagen.
Transfections and reporter enzyme assays
Cell lines were grown to confluence and the medium changed on the day before transfection. On the day of transfection, cells were cleared from the dishes with trypsin, pooled and spun at 1000 rev.\min for 5 min. They were then washed twice by resuspension in 20 ml of DMEM and resedimentation. Finally the cells were resuspended to a density of 3n3i10(-4n4i10(\ml in DMEM and transfected by electroporation as described previously [16] , except that the DNA added comprised 20 µg of the appropriate EGF promoter\CAT construct and 10 µg pRSVlac. The dishes were incubated at 37 mC for 8 h, washed twice with PBS a (138 mM NaCl\2.8 mM KCl\8 mM Na # HPO % \ 1.5 mM KH # PO % ) and then treated for 15 min with 400 µl of reporter lysis buffer (Promega). Cells were scraped from the dishes, subjected to one freeze-thaw cycle and centrifuged at 8000 g (10 000 rev.\min) for 2 min. Supernatants were removed and stored at k70 mC until used in the enzyme assays. CAT activity was assayed as described previously [16] except that extracts were heated to 65 mC before assay and the reaction volume was increased to 130 µl. β-Galactosidase assays were performed as follows. Cell extract (50-150 µl) plus reporter lysis buffer to a final volume of 150 µl was mixed with an equal volume of a solution containing 120 mM Na # HPO % , 80 mM NaH # PO % , 2 mM MgCl # , 100 mM 2-mercaptoethanol and 4n4 mM o-nitrophenyl β--galactopyranoside. Samples were incubated for 1 h at 37 mC and then heated to 65 mC for 10 min to terminate the reaction. Water (500 µl) was then added and the A %#! of the solution measured.
Electrophoretic mobility-shift assay (EMSA)
Total cell extracts for EMSAs were prepared from confluent 9 cm dishes of cell lines as described previously [16] . The oligonucleotide pair for radiolabelling (oligonucleotide A) was synthesized (Babraham Institute Microchemical Facility) as one full-length oligonucleotide (5h-GCGAAGCTTGAGGTGGAG-CCAGAAGAG-3h) and one of 12 bases (5h-CTCTTCTGGC-TC-3h) designed to anneal to the 3h end of the full-length oligonucleotide. The oligonucleotide pair was annealled by heating equimolar amounts to 95 mC and allowing the mixture to cool slowly to room temperature. Annealled oligonucleotide (1 pmol) was made fully double-stranded in an incubation mixture containing 50 mM Tris\HCl, pH 8, 10 mM MgCl # , 100 µM dATP, 100 µM dGTP, 100 µM dTTP, 25 µCi of [α-$#P]dCTP (3000 Ci\mmol) and one unit of the Klenow fragment of DNA polymerase I in a final volume of 25 µl. The reaction mixture was incubated at 37 mC for 2 h, 2n5 µl of 1 mM dCTP was added and the reaction continued for a further 10 min. Radiolabelled double-stranded oligonucleotide was separated from non-incorporated radioactive nucleotide using Nuctrap columns (Stratagene), and EMSAs were performed as described previously [16] . Except for the Sp1 oligonucleotide pair (oligonucleotide E), which was purchased from Promega, all competitor oligonucleotide pairs were synthesized by the Babraham Institute Microchemical Facility and were annealled by heating equimolar amounts in 50 µl of water to 95 mC and cooling slowly to room temperature. The sequences of the competitor double-stranded oligonucleotides (upper strand only shown) were :
RESULTS

Establishment and characterization of cell lines
Cell lines were derived by continuous passage of cultures isolated from the submaxillary and prostate glands of EGF\Tag mice as described in the Experimental section. During very early passages, low levels of SV40 T-antigen were detectable by Western blotting, suggesting that, initially, few T-antigen-expressing cells established in culture. However, after three to four passages, Tantigen was easily detectable (results not shown), suggesting that T-antigen-expressing cells had a selective growth advantage over other cell types in the culture. Phase-contrast photographs of cell lines established from the prostate (termed P1) and the salivary gland (SL1) are shown in panels 1 and 2 of Figure 1 (A). These cultures had an epithelioid appearance, packing closely together at confluence, and, in particular in the case of the P1 culture, had well-defined cellular boundaries. Panels 3 and 4 of Figure 1(A) show immunocytochemical localizations of T-antigen in the P1 and SL1 cell lines respectively. Nuclear T-antigen staining of essentially all of the cells in both cultures was observed.
In the SMG, we have demonstrated that, despite hyperproliferative changes associated with expression of the oncogenic SV40 T-antigen, EGF continues to be synthesized by the GCT cells [9] . Therefore it was of interest to determine whether the cell lines derived from the EGF\Tag mice tissues also expressed the endogenous EGF gene. Figure 1 
(B) shows
Figure 1 Characterization of the P1 and SL1 cell lines
(A) Cell lines were grown on plastic Petri dishes and were either photographed using phasecontrast microscopy (panels 1 and 2) or fixed by treatment at room temperature for 10 min with methanol/acetone and stained for SV40 T-antigen expression using the Vectastain ABC kit (Vector Laboratories, Peterborough, Cambs., U.K.) using a 1 : 1000 dilution of a rabbit polyclonal antiserum to SV40 T-antigen as the primary antibody (panels 3 and 4). analysis of expression of both transgene (SV40-T-antigen) mRNA and the endogenous EGF mRNA in the SL1 and P1 cell lines compared with their expression in RNA isolated from the mouse NIH3T3 cell line and from the SMG of an EGF\Tag transgenic mouse. T-antigen (Tag) mRNA was detectable in RNA isolated from the mouse SMG (lane 1) and at higher levels in the SL1 (lane 3) and P1 (lane 4) cell lines but not in RNA isolated from the mouse NIH3T3 cell line (lane 2). Since in the SMG of EGF\Tag mice, T-antigen expression occurs only in the EGF-producing GCT cells [9] , the expression of T-antigen in the SL1 cell line indicates that these cells were derived from GCT cells. However, whereas high levels of EGF mRNA were detectable in the RNA isolated from the mouse SMG (lane 1), no EGF mRNA was detected in RNA from the SL1 cell line (lane 3). Similarly, EGF mRNA was not detectable by Northern-blot analysis of RNA isolated from the prostate tumour-derived P1 cell line (lane 4).
Identification of a minimal EGF promoter
To determine the minimal element of the EGF gene capable of driving reporter gene expression in the cell lines, the cells were transfected with a series of EGF-promoter\CAT gene constructs. Figure 2 shows a typical analysis of CAT activity from single transfection experiments of the P1 and SL1 cell lines. Reduction Extracts of P1 or SL1 cells were incubated with radiolabelled double-stranded oligonucleotide A (see the Experimental section) either in the absence of unlabelled competitor or in the presence of 100-fold molar excess of double-stranded oligonucleotide competitor A (GCGAAGCTTGAGGTGGAGCCAGAAGAG), B (GAGGTGGAGCCAGAAGAG) or C (AAAGAAGA-GGAGGTGGAGCCAGAAGAG). EMSA was performed as described previously [16] . The leftmost lane contains radiolabelled probe alone. The major complexes formed (X, Y and Z) are indicated.
of the promoter fragment size from 896 to 51 bases caused a small increase in the resulting CAT activity. However, across several experiments (n l 5 for P1 cell line ; n l 4 for SL1 cell line) this increase was not statistically significant. Further reduction in the size of promoter fragment to 35 bases, that is to just upstream of the putative TATA box-like element (TTTAAAA) of the gene (see Figure 2B ), reduced the promoter activity in both cell lines approximately 6-8-fold, to a level equivalent to or only slightly greater than that of the pCAT Basic vector (see, for example, Figure 4 ). Analysis of variance of several experiments indicated that this was a highly significant effect (for SL1 cell line n l 4 and P l 0n006 ; for P1 n l 5 and P l 0n002).
EMSA of the EGF promoter region required for basal activity
To address the issue of whether regulatory proteins bind to the region of the EGF promoter between 51 and 35 bases upstream of the transcriptional start site, EMSAs were performed using double-stranded oligonucleotide sequences. Initially the ability of proteins extracted from SL1 or P1 cells to bind to oligonucleotide A was investigated. This oligonucleotide pair spanned nucleotides 51 to 34 bases upstream of the EGF gene transcriptional start site, with an additional 5h extension unrelated to the sequence of the EGF promoter. As shown in Figure 3 , when total extracts prepared from either the P1 or SL1 cell lines were incubated with radiolabelled oligonucleotide A, three major retarded species were observed, two of which migrated as a doublet (labelled X and Y in Figure 3 ) and one of which had a higher mobility (labelled Z). Overexposure of the gels revealed further minor bands (result not shown, but see Figure 6 ), although it is unclear whether these represent additional binding proteins or are degradation products of the major species. The major retarded species were efficiently competed for by incubation with a 100-fold excess of the unlabelled oligonucleotide pair A, suggesting that the retarded products observed represented highaffinity specific complexes. However, when the competition was performed using a 100-fold excess of unlabelled double-stranded oligonucleotide spanning nucleotides k51 to k34, oligonucleotide B (which is identical with oligonucleotide A but without the 5h extension), no competition was observed. This suggested that either proteins were interacting specifically with the DNA sequences within the 5h extension of oligonucleotide pair A or this extension was required to stabilize the end of the double-stranded oligonucleotide to facilitate protein binding. To distinguish between these two possibilities, a competition experiment was performed using a 100-fold molar excess of a double-stranded oligonucleotide spanning nucleotides k59 to k34 of the EGF promoter (oligonucleotide C). This doublestranded DNA competed effectively with the radiolabelled oligonucleotide pair A for binding proteins (Figure 3 ). This indicated that it was not the precise terminal DNA sequence of oligonucleotide pair A that was important for protein binding but suggested that the extension might be required to stabilize the 5h end of the double-stranded DNA to allow protein binding.
Mutational analysis to define the precise region of the EGF promoter required for basal activity
To test the suggestion that the proteins interacting with the region of the EGF promoter between 51 and 35 bases upstream of the transcriptional start site were required for basal activity of the EGF promoter, an additional EGF promoter\CAT construct containing 51 bases of EGF 5h-flanking region was prepared exactly as for EGF5h [51] CAT (see the Experimental section) except that dG residues at bases 51, 49, 48 and 46 within the
Figure 4 Effect of mutation of bases between k51 and k46 of the EGF promoter on functional activity (A) and protein binding (B)
A mutated EGF promoter construct, EGF5h[51M]CAT, was prepared in which the upstream sequence was altered from the wild-type sequence by the replacement of dG residues with dA residues at 51, 49, 48 and 46 bases upstream of the EGF transcriptional start site (see the Experimental section). (A) compares the promoter activity of the wild-type and mutated constructs when transfected into P1 cells. Cells were transfected with DNA constructs as indicated and 8 h later the cells were harvested and processed for assay of CAT activity. The mobilities of unmodified chloramphenicol (Chl) and acetylated chloramphenicol (AcChl) are indicated. (B) compares the ability of mutated and wild-type oligonucleotides to compete for protein binding with the wild-type sequence using EMSA. Extracts of P1 or SL1 cells were incubated with radiolabelled oligonucleotide A either in the absence of unlabelled competitor or in the presence of a 100-fold molar excess of either oligonucleotide A or mutated oligonucleotide D. EMSA was performed as described [16] . The sequence of the mutated oligonucleotide is 5h-GCGAAGCTTAAAATAGAGCCAGAAGAG-3h (upper strand only shown with the mutated bases italicized). The leftmost lane contains radiolabelled probe only. The major complexes formed (X, Y and Z) are indicated. To test the hypothesis that disruption of the DNA sequence between 51 and 46 bases upstream of the transcriptional start site altered\prevented binding of proteins required for activity of the EGF promoter, the ability of a double-stranded oligonucleotide D containing the dG to dA mutated bases to compete for binding of proteins to the oligonucleotide pair A was determined by EMSA. As shown in Figure 4 (B), whereas the unlabelled oligonucleotide pair A competes effectively for protein binding with the radiolabelled probe A, essentially no competition was observed with the mutated oligonucleotide pair D, when using protein extracts from either the P1 or SL1 cell lines. This indicated that the DNA-binding proteins that bound to the radiolabelled probe failed to bind to the mutated DNA sequence.
Identification of an Sp1-binding site in the minimal EGF promoter
As the region of the EGF gene between 35 and 51 bases upstream of the EGF transcriptional start site contains a sequence element similar to an extended Sp1 consensus sequence [17] , we tested the possibility that one of the proteins binding to this region of the EGF gene was Sp1. Initially, the ability of a double-stranded consensus Sp1 oligonucleotide sequence (oligonucleotide E) to compete for binding of proteins with radiolabelled doublestranded oligonucleotide A was investigated. As shown in Figure  5 , the Sp1 double-stranded oligonucleotide was capable of competing with the radiolabelled double-stranded oligonucleotide A for binding of the proteins forming all of complexes X and Y, and most of complex Z, from both the P1 and SL1 cell lines, indicating that these proteins shared a DNAsequence-binding specificity with Sp1.
To determine whether any of the proteins binding to the k51 to k34 region of the EGF promoter was Sp1, supershift analysis was performed using a polyclonal antiserum to Sp1. The radiolabelled double-stranded oligonucleotide A was incubated with cell extracts from the P1 or SL1 cell lines in the presence or absence of the Sp1 antiserum or the corresponding preimmune serum. The results of this experiment are shown in Figure 6 , which includes a short and a longer autographic exposure of the same gel. Addition of the Sp1 antiserum to the DNA-protein binding reaction reduced the formation of complex X when compared with the complexes formed either in the absence of antiserum or in the presence of the preimmune serum. This indicated that the Sp1 antiserum was disrupting the binding of Sp1 (or a cross-reacting species) to the double-stranded oligonucleotide. Overexposure of the gel shows the presence of a super-shifted species (arrowed S in Figure 6 ) in samples containing the Sp1 antiserum but with none of the other treatments. These results indicate that Sp1 is involved in the formation of complex X. However, they do not dismiss the possibility that additional proteins are involved in the formation of this complex. Additional experiments will be required to address this issue.
DISCUSSION
We have previously established a transgenic mouse line (termed EGF\Tag) in which a 5n5 kb fragment of the mouse EGF gene promoter directs expression of a SV40 T-antigen reporter construct. Expression of the reporter gene was directed to the salivary glands, the stomach and prostate gland in transgenic mice. Use of the oncogenic SV40 T-antigen as a reporter resulted in hyperproliferative (salivary glands and stomach) or tumorigenic (prostate gland) changes in the tissues.We have now derived cell lines from the SMG and prostate glands of these animals. The approach of directed expression of T-antigen in transgenic mice has been used previously to facilitate the establishment of immortalized cell lines from several tissues including kidney [18] , hypothalamus [11] , pituitary [19] and pancreas [10] . In contrast with these cell lines which retained differentiated characteristics, the cell lines we have derived from EGF\Tag mice fail to express the endogenous EGF gene to significant levels, although reverse transcriptase PCR analysis indicates that low levels of EGF mRNA are present in the cultures (J. C. Pascall, unpublished work). In addition, we have failed to demonstrate the presence of EGF in either of the cell lines by immunocytochemistry (results not shown), using an antiserum to EGF which we have previously used to immunolocalize EGF in SMG from EGF\Tag mice [9] . This suggests that only low levels of EGF gene expression are occurring in the cell lines. We have isolated two further cell lines from the SMG of the EGF\Tag mice which also fail to synthesize significant EGF mRNA (J. C. Pascall, unpublished work), indicating that the SL1 cell line is not atypical in this respect.
The lack of EGF expression by the cell lines is surprising as we have previously shown the co-expression of EGF and Tag in the GCT cells of the SMG of EGF\Tag mice [9] . It is possible that, during establishment of the SL1 cell line, a small subpopulation of cells may have been selected that had already stopped expressing EGF in i o. Alternatively, expression of the endogenous EGF gene may require cell-cell or cell-environment interactions that are disrupted when the cells are placed in culture. A further possibility is that, in establishing the cultures, cells expressing higher levels of SV40 T-antigen are selected and this results in dedifferentiation of the cell line with respect to the in i o situation.
Despite the unexpected absence of EGF expression in the cell lines, the EGF promoter drives expression of T-antigen in these cells. We reasoned therefore that the cells could be used for investigating regulatory elements of the promoter. However, it is important to consider the influence of SV40 T-antigen on this system. SV40 T-antigen is not in itself a transcription factor, although it can activate expression of genes containing TATA boxes in their promoters. However, for this to occur, not only is a TATA box element required but also at least one upstream transcription-factor-binding site [20] . Therefore, although Tantigen may contribute to the activation of the EGF promoter in these cells, site-specific transcription-factor binding to the gene promoter is presumably still required for this transcription activation.
Deletion analysis of EGF promoter function in the SL1 and P1 cell lines indicates that only 51 bases of DNA upstream of the transcriptional start site was required for promoter activity. However, deletion of an additional 16 bases, that is to a point 3 bases upstream of the putative TATA box in the gene, eliminated essentially all of the promoter activity. Gel-retardation analysis demonstrated that at least three proteins bound to this region of the gene. The identity of two of these proteins remains to be determined, but the third is likely to be Sp1 (or a related protein recognized by the Sp1 antiserum). Although Sp1 binds to G\C-rich sequences, typically GGGGCGGG [21] , the EGF promoter contains a sequence between k51 and k41 (GAGGTGGAGC) which differs at only one base (underlined) from an extended Sp1 consensus sequence G\TG\AGGCGG\TG\AG\AC\T [17] . A similar Sp1-binding site (TGGGAGGAGC) has been identified previously in the promoter of the human growth hormone gene [17] .
Sp1 is known to be ubiquitous, and therefore would not be an obvious candidate for a transcription factor involved in the tissue-specific regulation of EGF expression. However, levels of Sp1 expression have been shown to vary at least 100-fold between tissues [22] . In addition, the Sp1-binding sites of different genes have at least a 10-20-fold range of binding affinities [21] , resulting in genes that differ in the levels of Sp1 required for their activation. These two observations suggest that, although Sp1 itself is unlikely to be solely responsible for the tissue-specific expression of individual genes, it could interact with other transcription factors to produce such an effect. For example, muscle-specific expression of the cardiac α-actin gene requires the interaction of three transcription factors, MyoD1, CArG box factor and Sp1 [23] . It is also interesting to consider the regulation of the uteroglobin gene. It, like EGF, is expressed in a variety of epithelial tissues. Its expression has recently also been shown to be regulated by Sp1 (and the closely related factor Sp3) via a binding site between 60 and 70 bases upstream of the mRNA transcriptional start site, a similar region to the position of the Sp1 site in the EGF promoter [24] .
A recent observation suggests another possible role for the binding of Sp1 to the EGF promoter. It has been demonstrated previously that Sp1 is subjected to post-translational modification by phosphorylation [25] . It has now been shown that, in dedifferentiated tissues such as regenerating rat liver, Sp1 is less phosphorylated than in terminally differentiated hepatocytes [26] . The effect of this dephosphorylation is to increase the affinity of Sp1 for its target promoter DNA sequences and hence the activity of these promoters [26] . Since the EGF promoter binds Sp1, it raises the possibility that RNA expression from the EGF promoter might be increased in regenerating proliferating tissues. Interestingly, the promoter of the transforming growth factor α gene, which codes for another EGF receptor ligand, has also been shown to be regulated by Sp1 [27] . These workers have also demonstrated that proteins bind to the Sp1-like sites in the transforming growth factor α promoter in i o [28] . Therefore it is possible that expression of the transforming growth factor α and EGF genes could be regulated in a similar manner.
The identity of the other proteins that interact with the EGF promoter in the k51 to k34 region remains to be determined. As the majority of the specific protein-DNA interactions are efficiently competed for by an Sp1 consensus oligonucleotide, but the binding of only one is disrupted by the anti-Sp1 serum, it is possible that the other proteins may be one of the other closely related members of the family (Sp2, Sp3 and\or Sp4). In particular, Sp3 and Sp4 have been shown to bind to the same consensus DNA target sequence as Sp1 [29] . Alternatively the proteins could simply be ones having an overlapping DNAbinding specificity with that of the Sp1 family, e.g. Krox24 [30] .
In conclusion we have derived two cell lines which we have used to identify a minimal promoter fragment of the mouse EGF gene. Future work will involve identification of the proteins, in addition to Sp1, that bind to this region of the promoter and their roles in the regulation of expression of the EGF gene.
